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ABSTRACT
1RZDGD\VQDQRVFDOHLQQRYDWLRQVLQWKHIRUPVRISDWKRJHQGHWHFWLRQDFWLYHSDFNDJLQJDQWLPLFURELDOSDFNDJLQJ
DQGEDUULHUIRUPDWLRQDUHSRLVHGWRHOHYDWHIRRGSDFNDJLQJWRQHZKHLJKWV$QWLPLFURELDOQDQRFRPSRVLWH/'3(
¿OPVFRQWDLQLQJ=Q2QDQRSDUWLFOHVDWGLIIHUHQWFRQFHQWUDWLRQV HJDQGQDQR=Q2SXOVH
SRO\HWK\OHQH JUDIWHG PDOHLF DQK\GULGH 3(J0$  ZZ SXUH /'3(  ZHUH SUHSDUHG E\ PHOWPL[LQJ SURFHVV
and followed by compression molding using hot press machine. Dispersion quality of antimicrobial nanoparticle
GLVWULEXWLRQZLWKLQWKHSRO\PHUPDWUL[KDVEHHQDVVHVVHGE\7UDQVPLVVLRQ(OHFWURQ0LFURVFRS\DQDO\VLV 7(0 
7KHPHFKDQLFDOSURSHUWLHVRIWKH¿OPVSUHSDUHGZHUHFKDUDFWHUL]HGE\XVLQJVWUHVVVWUDLQDQDO\VLV5KHRORJLFDO
SURSHUWLHVRIQDQRFRPSRVLWHVZHUHGHWHUPLQHGXVLQJURWDWLRQDOUKHRPHWHUV5KHRORJLFDOSURSHUWLHVGHPRQVWUDWH
WKDWWKHUKHRORJLFDOPRGXOLRIWKHQDQRFRPSRVLWHLQFUHDVHVZLWKLQFUHDVLQJWKHQDQR¿OOHUFRQFHQWUDWLRQVRWKDWWKH
KLJKIUHTXHQF\UHJLRQLVPRUHEHQH¿WHGE\WKLVHIIHFW
Keyword:=LQFR[LGH$QWLPLFURELDODFWLYLWLHV/'3(5KHRORJ\0HFKDQLFDOSURSHUWLHV

1. INTRODUCTION
Today, among fresh fruits and vegetables, strawberries are especially interesting because of their fragility and mold sensitivity that causes high depreciation
in sales at retailing point [1]. The use of active antimicrobial compounds incorporated in packaging material is getting more attention as a microbial control
in food packaging system. It ensures microbial food
safety for consumer, and can be useful for the exten(*) Corresponding Author - e-mail: mmohammadzadeh7@yahoo.com

sion of shelf life of the products [2]. In recent years
PXFKDWWHQWLRQKDVWXUQHGWRWKH¿HOGRIQDQRWHFKQROogy in the quest to improve antimicrobial packaging
[3]. Nano food packaging with antimicrobial properties
represents a new generation of active packaging based
on metal nanocomposites. Inorganic materials such as
metals and metal oxides have been the focus of nanotechnology research [4]. In nanocomposite polymers in
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comparison with conventional composites there is a
EHWWHU LQWHUDFWLRQ EHWZHHQ SRO\PHU PDWUL[ DQG ¿OOHU
The uniform distribution of nanoparticles in the polymer matrix, will lead to an increase in the contact surface of the matrix and the particles and this follows
mechanical, thermal and preventive improvement [5].
Zinc oxide is an inorganic compound which is greatly
used in everyday applications and as generally recognized as Safe (GRAS) by the Food and Drug Administration (21CFR182.8991) [6]. However, given their
reduced cost, recent research efforts have focused on
the use of ZnO nanoparticles [7] has been recognized
and antimicrobial activity against food-borne pathogens has been previously demonstrated [8]. The purpose of this study was to investigate the capabilities of
=Q2QDQRSDUWLFOHV¿OOHG/'3(QDQRFRPSRVLWHSDFNaging as a new approach to preservation and prolonging shelf life of the fresh strawberries.

2. EXPERIMENTAL
Materials and methods
2.1. Preparation of antimicrobial nanocomposite
¿OPV
Low density polyethylene granules (LF0200, MFI 2
g/10 min , density 0.92 g/mL, softening point 94°C)
and antimicrobial compounds include zinc oxide
powder particles with an average diameter of 10-30
nm sections 20-60 m2/g are prepared from Iranian
Pishgaman Nanomaterial Company a product by US
NANO. Also, Synox antioxidants powder and polyethylene graft malic anhydride containing 1% malic
anhydride as compatible factor have been used. Preparing master batch granules made from low density
polyethylene style and containing of antimicrobial
have been mentioned and antioxidant. In addition the
polyethylene graft maleic only 3% nano-ZnO nanocomposite through direct melt mixing and using Brabender (GMBH 8 CO.KG). Nanocomposites with different percentages of antimicrobial compounds (1, 3,
3 g-ma, 5) were prepared. In the case of pure polyethylene it melts at 170°C for 8 minutes and then slowly
antioxidants are added to melt but in nanocomposite
samples after adding antioxidant within 1 minute to 30
seconds we add Nano zinc oxide. Then, the materials
170
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are being mixed in Berbeder for about 7 minutes at
60 rpm. After this process, hot press (Polystat 200T)
with an attached water cooling system has been used
WRIDEULFDWHWKH¿QDOQDQRFRPSRVLWH¿OPVSDFHPHQWV
(0.09 mm thick) with the desired nanomaterial concentrations (1, 3 and 5% for nano-ZnO, 3% nano-ZnO
pulse 10% polyethylene-grafted maleic anhydride
as a compatilizer and pure LDPE as a control). The
compression molder was heated to 180°C for 30 min
SULRUWRXVH7KHPDWHULDOZDV¿UVWSUHVVHGDWORZSUHVsure for 4 min followed by a high pressure cycle at
150 psi for 6 min, and the samples were then cooled
under pressure (70 psi) for 5-7 min. Film thickness
was measured using a micrometer (Mitutoyo, Japan)
DQGUHSRUWHGDVWKHDYHUDJHRI¿YHUHDGLQJVWDNHQDW
¿YHGLIIHUHQWSRLQWVRQWKH¿OPVDPSOH
2.2. Melt rheology
Rheometer RMS (Model MCR 301) of Anton Paar
Company made of Austria. Using 25 mm diameter
parallel plates at 180°C were used. Testing sample
disks with a thickness of 0.7 mm and a diameter of
2.5 mm were prepared by compression molding of the
H[WUXGHGSHOOHWVDW&IRUPLQȖ W  Ȗ0VLQ ȦW 
ZKHUHȖ0LVVWUDLQDPSOLWXGHȦLVRVFLOODWRU\IUHTXHQF\
and t is time, was imposed on the samples Rotation
mode measurements were conducted within a shear
rate range of 0.01-1000 s-1 [9]. To ensure the reliability
of rheological data all measurements were conducted
under nitrogen atmosphere to minimize oxidative degradation of the polymer. It is important to point out
that range should be selected very low to avoid the
failure of structure.
2.3. Mechanical properties
Mechanical properties (Young's modulus and Elongation at break) of the LDPE (control) and LDPE nanoFRPSRVLWH¿OPVZHUHLQYHVWLJDWHGXVLQJ$670'
method, with an universal material testing machine
(Zwik Roell Zolo Testing Instruments Inc., China) at
25°C and 40% relative humidity (RH). Five identical
specimens were tested for each sample. Specimens for
the mechanical property measurements were in shape
of strip with about 50 mm in length, 10 mm in width
and thickness about 0.05 mm. The speed of the moving clamp was 500 mm min-1. Dispersion quality of
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(a)
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(b)

Figure 1: Dynamic modulus, (a) of PE/ nano-ZnO composites prepared with different concentration of nanoparticles and (b) PE With composites concentration PE/ 3% ZnO and PE/ nano-ZnO concentration 3% ZnO and
Maleic anhydride grafted polyethylene prepared.

QDQRPDWHULDOVLQWRWKHSRO\PHUPDWUL[¿OPZDVPRQLtored using the Transmission Electron Microscope
(Zeiss EM10C 80 KV, The Germany).

(a)

This research was administered in a factorial experiment based on a completely randomized design with
three replications.

(b)

Figure 2: Tan G of PE/ nano-ZnO composites prepared with different concentration of nanoparticles and (b) PE
With composites concentration PE/ 3% ZnO and PE/ nano-ZnO concentration 3% ZnO graft maleic prepared.
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2.4. Transmission electron microscopy analysis
Dispersion quality of nanomaterials into the polymer
PDWUL[ ¿OP ZDV PRQLWRUHG XVLQJ WKH 7UDQVPLVVLRQ
Electron Microscope (Zeiss EM10C 80 KV, The Germany).
2.5. Statistical method
Analysis of variance was carried out using the SAS
statistical software release 6.12 (SAS Institute, Cray,
NC) based on completely randomized designs. SigQL¿FDQWGLIIHUHQFHVDPRQJWKHGDWDZHUHUHSUHVHQWHG
as p < 0.05.

3. RESULTS AND DISCUSSION
3.1. Melt dynamic rheology
Rheometry is a powerful tool for inspecting the internal microstructure of polymer nanocomposites containing nanoparticles. The rheological moduli against
frequency of PE/ ZnO nanocomposites and pure PE
are presented in Figures 1 and 2. As can be directly
seen, the moduli of nanocomposites increased with
LQFUHDVHLQQDQR¿OOHUFRQFHQWUDWLRQKRZHYHUWKLVLQcrease was greater in the high frequency region. ComSDUHWKHVHUHVXOWVZLWK¿QGLQJVRIRWKHUUHVHDUFKHUV
3.2. Effect of ZnO nanoparticles on mechanical
property
For comparison, the mechanical property of pure
/'3(¿OPVDQG=Q2GRSHG/'3(¿OPVSUHSDUHGXVing LDPE coatings were measured. Figure 3 shows the
WHQVLOHVWUHVV±VWUDLQFXUYHVRIWKH/'3(¿OPVDQGWKH
mechanical parameters are listed in Table 1. It can be
seen that the Young’s modulus and tensile strength inFUHDVH¿UVWDQGWKHQGHFUHDVHZLWKWKHLQFUHDVHRI=Q2

Figure 3: Tensile stress–strain curves of different ZnO
/'3(¿OPV

content and the optimal ZnO content for the Young’s
modulus and tensile strength is obtained at 3.0 PE g-ma
wt%. However, the elongation at rupture goes inversely
relating to the Young’s modulus and tensile strength.
5HSHDWHGWHVWVVKRZWKDWWKH¿OOHG=Q2QDQRSDUWLFOHV
FDQHQKDQFHWKHVWUHQJWKEXWQRWWKHÀH[LELOLW\RIWKH
FRPSRVLWH ¿OPV &RPSDUH WKHVH UHVXOWV ZLWK ¿QGLQJV
of other researchers. The elevation of Young’s moduOXVDQGWHQVLOHVWUHQJWKRIWKHFRPSRVLWH¿OPVPD\EH
due to the limit of moving scale of chain segments of
the LDPE matrix with the addition of ZnO. Moreover,
ZKHQ=Q2QDQRSDUWLFOHVDUH¿OOHGLQWRWKHLQWHUVWLFHRI
LDPE chains, an interactive force against the LDPE
chains may be generated. Therefore, when an external
force is applied onto the two ends of the dumb-bellVKDSHG/'3(¿OPWKH¿OPJRHVWRUXSWXUHHDVLO\GXH
to the strong interaction force generated between ZnO
nanoparticles and LDPE chains.
3.3. Transmission electron microscope
)LJXUHV RI SRO\HWK\OHQH ¿OPV FRQWDLQLQJ =Q2
nanoparticles are shown in Figure 4 (a, b, c, and d).
These Figures show that the ZnO nanoparticles were
spherical shape and a diameter of Nanoparticles is be-

Table 1:0HFKDQLFDOSURSHUW\RIWKH/'3(¿OPV¿OOHGZLWKGLIIHUHQW=Q2FRQWHQW
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ZnO (%)

Young’s modulus

Tensile strength

Elongation ratio

0
1
3
3 g-ma
5

260.09
332.23
233.29
626.76
371.62

4.45
3.91
5.12
9.57
5.06

100.58
19.88
40.26
63.69
40.11
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(a)
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(b)

(c)

(d)

Figure 4:7(0PLFURJUDSKRIDQWLPLFURELDOQDQRFRPSRVLWHV/'3(¿OPD/'3(=Q2E/'3(=Q2F
/'3(=Q2DQG3(J±0$G/'3(=Q2

tween 10-30 nm. They demonstrate a relative uniform
GLVWULEXWLRQ LQ QDQRFRPSRVLWH ¿OPV H[FHSW IRU )LJure 4). Relative uniform distribution and lack of agglomeration of nanoparticles in the polymer matrix increased strength has a direct relation with an increase
of antimicrobial polymer levels due to an increase
of surface contact with micro-organisms. According
to Figure 4 (a, b, c and d), Zinc nanoparticels with
a diameter approximately 20-30 nm are distrusted in
3RO\PHUPDWUL[:LWKDQLQFUHDVHLQ=LQFQDQRSDUWLcels' density up to 5%, agglomeration will increase,
WRR )LJXUHG &RPSDUHWKHVHUHVXOWVZLWK¿QGLQJV
of other researcher.

4. CONCLUSIONS
In this study, the rheological and mechanical behavLRU RI ORZ GHQVLW\ SRO\HWK\OHQH ¿OOHG ZLWK GLIIHUHQW
amounts of ZnO nanoparticles was analyzed and observed respectively in which by increasing the amount
of nano-zinc oxide, Young's modulus is increased,
but it decreased the elongation at break. Increasing
the amount of ZnO nanoparticles, up to 5% leads to
agglomeration of nanoparticles and reduction in the
OHYHORIQDQR¿OOHUV$VDUHVXOWLWFDQDOVRUHGXFHWKH
interactions between the nanoparticles and the matrix.
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